A model problem related to distributed receptivity to free-stream acoustic waves in laminar flow control (LFC) configurations is studied, within the Orr-Sommerfeld framework, by a suitable extension of the Goldstein-Ruban theory for receptivity due to localized disturbances on the airfoil surface. The results thus complement the earlier work on the receptivity produced by local variations in the surface suction and/or surface admittance. In particular, we show that the cumulative effect of the distributed receptivity can be substantially larger than that of a single, isolated suction strip or slot. Furthermore, even if the receptivity is spread out over very large distances, the most effective contributions come from a relatively short region in vicinity of the lower branch of the neutral stability curve. The length scale of this region is intermediate to that of the instability wave and the distance from the leading edge, being, in fact, a geometric mean of these two length scales. Finally, it is found that the receptivity is effectively dominated by a narrow band of Fourier components from the wall-suction and admittance distributions, roughly corresponding to a detuning of less than ten percent with respect to the neutral instability wavenumber at the frequency under consideration. The results suggest that the drop-off in receptivity magnitudes away from the resonant wavenumber is nearly independent of the frequency parameter.
In particular, we show that the cumulative effect of the distributed receptivity can be substantially larger than that of a single, isolated suction strip or slot. Furthermore, even if the receptivity is spread out over very large distances, the most effective contributions come from a relatively short region in vicinity of the lower branch of the neutral stability curve. The length scale of this region is intermediate to that of the instability wave and the distance from the leading edge, being, in fact, a geometric mean of these two length scales.
Finally, it is found that the receptivity is effectively dominated by a narrow band of Fourier components from the wall-suction and admittance distributions, roughly corresponding to a detuning of less than ten percent with respect to the neutral instability wavenumber
INTRODUCTION
Theimportanceof short-scale nonuniformities on the airfoil surfacein makingthe boundarylayerreceptiveto free-stream disturbances is nowwell established.Subsequent to the recenttheoretical breakthroughby Goldstein [1] andRuban [2] ,a numberof problems involvingdifferentcombinations of surfaceperturbationandfree-stream disturbancehave beenstudiedin variousflow regimes usingboth analyticaland numerical techniques [3-171. Additionally, experimental studies[lS-_l],albeit limited to low-speed flowsthus far, have alsocontributedgreatlyto our understanding of thesereceptivityprocesses by inspiringor verifying the theoriesas well as by delineatingthe rangeof applicabilityof the different approximationsusedin theories.For reviewson differenttypes of receptivity problems, [27] for predicting the receptivity over longer regions by a simple extension of the results obtained for localized nonuniformities.
tIere we take the route suggested by these latter investigators to study the acoustic receptivity due to an elongated region (i.e., much longer than an instability wavelength) of short-scale variations in the surface-porosity or suction-rate distribution. Suction is a com- in a localized area of short-scale variation, and were able to predict the influence of the width of a porous strip on the amplitude of the generated instability wave. In this paper, we consider the receptivity due to the entire suction system in the hope of shedding some light on the role of spacing between the adjacent suction strips/slots.
In Section 2, we describe how to calculate the receptivity due to surface nonuniformities spread over a region of arbitrary length. The advantage of the proposed Green's function technique is that it provides a convenient tool to analyze arbitrary nonlo-
ANALYSIS
In this Section, we describe how the Goldstein-Ruban theory for receptivity induced by a local surface disturbance can be extended to distributed surface irregularities.
However, before doing that, it will be useful to understand the physical ideas behind the generation of instability waves in a boundary-layer flow. Basically, the instability wave at any given frequency corresponds to the nearly periodic eigensolution of the small disturbance equations about the basic state of the quasi-parallel boundary layer. As discussed by Kerschen [s] , the free-stream disturbances at this frequency have much different wavelengths than that of this eigenso]ut]on, and therefore, cannot excite tile instability wave in a direct manner. The length-scale conversion or "tuning" process is brought about by the scattering of the forced unsteady motion, either at boundary inhomogeneities (such as variations in admittance or compliance of the airfoil surface) or in regions of rapidly varying (i.e., nonparallel) mean flow. The possible causes for mean flow non-parallelism include the leading edge as well as locally varying surface conditions in the downstream region, such as _-ariations in the geometry, suction or blowing velocity, and surface temperature.
In case of boundary layers which are also unstable to steady vortex type of instabilities, these surface disturbances act as sources of streamwise vorticity that gets amplified farther 
where the suffix j has been introduced to distinguish between the receptivity due to wall suction (j = 1) and the wall admittance (j = 2) variations. 
along with a surface boundary condition that is nonzero only for j = 2,
the remainingboundaryconditionsbeing all homogeneous. The neglectedO(e_-) terms on the left hand side represent the O(L*/_*) weakly-nonparallel terms related to the slow growth of the unperturbed mean boundary layer. The neglect of these terms is justified, at this stage, only on the basis of the historical success of the quasiparallel approximation in producing results which are in satisfactory agreement with the experiments as well as direct numerical simulations.
As we show later, the net receptivity is effectively concentrated in a relatively short region with a length scale that is intermediate between the instability wavelength and the distance from the leading edge. Hence, it is also possible to justify the quasiparallel approximation in this problem on a rational basis. Moreover, as alluded to above, the nonparallel effects can also be incorporated into the resulting equations in an a posteriori manner.
As seen from (2.6), 0_ 1) satisfies an inhomogeneous differential equation with a source term arising from the interaction of the short-scale mean flow perturbation k_ 1) with the leading unsteady perturbation _b0. On the other hand, since the motion corresponding to g,_2) is driven only by the forcing at the boundary, it seems convenient to illustrate the solution procedure just for this case, and then quote the final result for the wall-suction problem. Thus, from now on we will suppress the effects of steady surface suction and only solve for the streamfunction _b_2). We will first obtain the solution for g,_:) (actually the T-S wave part of it) by a formal Green's function technique which was first used by Tam [26] in a similar context, and subsequently show how the same solution could also have been obtained by generalizing the solution obtained for a localized receptivity problem. In order to obtain the Green's function 
leading to the following expression for the T-S wave produced by the point source at X = X_:
Here Eq(Y; w, x) denotes the (appropriately normalized) instability wave eigenfunction for the physical quantity denoted by q, while A(2) represents the normalized initial amplitude (i.e., at the source location) of the fluctuation in q, determined numerically as the residue contribution corresponding to the pole of _(2) at the local T-S wavenumber a = aTS(X_).
In this paper, we will assume the eigenfunctions for different flow variables to have been normalized to make the maximum of the streamwise velocity fluctuation across the boundary layer equal to unity. The spatial phase tZ)TS of the generated instability wave is given by the indefinite integral over the slowly varying wavenumber,
_te Would like to point out that the Green's function problem (2.8a,b) is mathematically identical to the vlbratlng-ribbon problem first analyzed by Gaster [39] , and subsequently by Using(2.9a),it is easyto seethat the T-Swavepart of the total unsteadymotion is givenby the integral
It is then immediately obvious that this solution could also have been obtained from the localized solution [27] , Let us begin with the case of a single, isolated suction strip with a uniform suction/admittance distribution. Figure 3a shows The receptivity in discrete configurations is concentrated at the points of discontinuity (Fig. 3b) (and, hence, the generated instability motion corresponds to a superposition of the T-S waves generated at each end of the strip. Since both of these waves have identical amplitudes in a localized analysis, it is obvious that their mutual interference will lead to a complete cancellation of each other for integer values of w, whereas a mutual reinforcement will result for w = n + 1/2 [3] . In the non-localized analysis, variation of boundary-layer properties between the two ends alters this simple scenario by affecting both the relative amplitude and phase of the T-S waves generated at the two ends of the strip. In the particular case shown in Fig. 3a, A Table 1 ). Figure 4 shows the cumulative variation in the effective coupling coefficient for these three cases. As one can see from case iii, the receptivity is distributed quite symmetrically on both sides of the lower branch station, with the strips closer to the neutral station being more effective than those away from it. Thus, the contribution to ]C (j)] from strips 13 and 14 (which are closest to R_.b.) is 0(100) in this case, while that of number 1 and 24 is only about O(1) or smaller. This is to be expected since the instability waves generated close to the lower branch location can undergo the highest possible amplification before reaching the upper branch.
Reed and Nayfeh also studied the effects of non-uniformly distributed suction, and found that increased amounts of suction in the vicinity of the two neutral branches was particularly beneficial for reducing the instability amplification ( Figs. 14-16 56 x 10-8) , the inflow-generated T-S wave did not decay much (by a factor of ,,_ 1/5) before reaching the neutral station. Hence, the calculated coupling coefficients were found to be O (1) , and also to be insensitive to small changes in the inflow Reynolds number.
In our case, provided the resonance condition is satisfied exactly, or nearly so, the receptivity is confined to a relatively short region in the interior, and we adopt the viewpoint that, as long as the inflow location is chosen to be sufficiently far upstream of the lowerbranch,the physical decay of the instability wave in the region upstream of
also serves to damp out any errors due to inappropriateness of the initial condition.
Thus, we found that the somewhat ill-founded homogeneous initial condition yields very good agreement with the results obtained from the more rational inhomogeneous initial condition corresponding to a nonzero particular solution but a zero eigenmode. 5a-5c. Note that the ordinate in Fig. (5a) 
